ABSTRACT The aim of the study was to compare the quality of commercially available eggs: organic (attested organic farm) -OE, nutraceutical (enriched in n-3 fatty acids) -NE, vs. conventional (cage raising system) -CE and their technological (emulsifying) properties. Their basic chemical composition (i.e., moisture, protein, fat, ash) as well as mineral (Na, K, Ca, Mg, Zn, Fe, Mn, Cu) contents were assessed, and fatty acid profiles were determined. Next, the suitability of the eggs for mayonnaise production was assessed.
INTRODUCTION
Eggs are one of the best and most inexpensive sources of high biological value protein, Fe, Se, folate, as well as vitamins A, B 12 , K, and D (Kassis et al., 2010) . Many studies have confirmed that the chemical composition of eggs depends on both environmental conditions (i.e., temperature and humidity) and genetic factors (Dziadek et al., 2003; Eke et al., 2013; Senbeta et al. 2015) . In very approximate terms, 1.195 billion eggs were consumed worldwide in 2011, which was equivalent to 173 eggs per person per year (Best, 2011) . According to the Agricultural Market Agency (Informative bulletin 2015a), 88% of laying hens are raised in cages, 2% in free-range systems, and 0.2% in organic systems. The same Agency (Informative bulletin 2015b) indicates the new trend among Polish consumers which is towards the increasing sale of "superfood" (described as a product C 2017 Poultry Science Association Inc. Received September 24, 2015. Accepted January 3, 2017. 1 Corresponding author: a.filipiak-florkiewicz@ur.krakow.pl with pro-healthy properties). Many consumers believe that organic eggs taste better and have a higher nutritional value (Sobczak and Marek, 2012) . Organic farming is an economic system of sustainable plant and animal production. According to Bombik et al. (2015) , this system integrates environment-friendly farming practices, supports biodiversity and protection of natural resources, as well as ensures the welfare of farm animals. Organic food is produced without the use of synthetic fertilizers, chemical pigments, chemical pesticides, or preservatives.
Therefore, consumers expect to pay more for organically produced eggs than for conventional ones (Küçükyilmaz et al., 2012) . In compliance with recent nutritional trends, consumers require healthy, balanced food products, thus paying more attention to the modified quality of eggs (Kralik et al., 2008) . So, the "modern" consumer is interested in functional foods too. Among different functional products, nutraceutical eggs, enriched with n-3 fatty acids, are not only a valuable source of nutrients but they have also potential 2480 health benefits (in comparison with conventional eggs). Several studies have demonstrated the incorporation of n-3 polyunsaturated fatty acids (PUFA) into yolk by flaxseed addition to poultry feed (Milinsk et al., 2003; da Silva et al., 2009; Kamran Azad et al., 2009) . The incorporation of n-3 PUFA promotes a qualitative change in the yolk fatty acid profile, reducing the n-6/n-3 ratio to a more beneficial level with regard to human nutritional needs (Simopoulos, 1998; Milinsk et al., 2003; da Silva et al., 2009) .
Because of the fact that conventional eggs -from caged hens -raise controversy, especially ethical, there is a tendency among consumers to buy more expensive, organic or nutraceutical eggs, both of which are seen as "healthier" (Śmiechowska and Dmowski, 2005 ; Informative bulletin 2015b). As a consequence, consumers face a broad range of products at very different prices but without any real information about the specific qualities of alternative eggs vs. cage eggs (Hidalgo et al., 2008) .
From a technological point of view, eggs are one of the most versatile ingredients used in the food industry and culinary processes. Hen eggs are widely used in many types of products, both sweet and savory, including many baked goods. Eggs can be scrambled, fried, hard-boiled, and soft-boiled (Evenepoel et al., 1998) . The proteins in egg albumen allow for the formation of foams and aerated dishes. Hen egg yolk is popularly used as a food emulsifier because of its excellent properties in this area. About 20% of dry matter in a fresh egg is present in the form of insoluble granules, while the remaining 80% is either soluble or finely dispersed and forms what is known as the egg yolk plasma (Guilmineau and Kulozik, 2006) .
Mayonnaise is probably one of the most widely used sauces or condiments in the world today (Depree and Savage, 2001 ). It is not only a commercially manufactured product. An increasing number of consumers and chefs prefer to prepare this product by themselves (slow food). There are several kinds of mayonnaise, including n-3 enriched ones (through technological modification, not by the use of nutraceutical eggs). Knowledge of the rheological properties of mayonnaise is needed for the control of its quality during the technological processes, storage, and transport. Rheological tests help to create the desired consistency which is extremely important for mayonnaise (Juszczak et al., 2003) .
The broad objective of the study was to compare the chemical composition, including fatty acids profile, as well as technological properties (suitability for mayonnaise production, with its organoleptic and rheological characteristics) of conventional, organic, and nutraceutical (enriched with n-3 fatty acids) eggs.
MATERIALS AND METHODS

Material
The research material were hen eggs: conventional -CE, from a caged raising farm; organic -OE, from an attested organic farm; and nutraceutical -NE, from a farm using hen feed enriched with n-3 fatty acids and with regular monitoring of the chemical composition of feed and eggs. Ten batches of eggs (L size: average egg weight between 63.35 and 65.01 g; class of quality: A) of each origin were examined. Each batch comprised 6 eggs. All eggs were bought at the same time (in the autumn period) in a hypermarket belonging to one of the most important international trading and retailing groups. After purchase, the eggs were stored in a refrigerator (4 ± 1
• C). All the examined eggs had a clean or slightly dirty shell. The study was performed no less than 7 days before the end of the declared time for the consumption of eggs.
From each batch, 3 eggs were randomly chosen and weighed. Then, they were cracked carefully, separating the contents from the egg shell, and the albumen and yolk were collected. Then the yolk was homogenized using a spatula and the albumen was homogenized in a IKA-ULTRA TURRAX homogenizer for 15 s (Ahn et al. 1997) to prepare the mean laboratory samples. For the determination of egg chemical composition as well as mayonnaise preparation, 3 averaged samples were used. All chemical analyses and technological treatments were done immediately after forming the samples.
Analytical Methods
Basic Chemical Composition of Eggs. Moisture was determined by the AOAC method (1999). Total fat content in the albumen and yolk was assessed with CO 2 in supercritical state according to internal laboratory procedure MCMZ/PB-04, on the basis of the manufacturer instruction (TFE2000 analyzer, LECO, PL).
Frozen (−22
• C) samples were lyophilized in Alpha 1-4 Lyophilizer, Christ (Germany) under the following conditions: pressure -103 Pa, time -24 h. Approximately 2 g of lyophilisate of albumen or yolk sample were mixed with Leco Dry (infusorial soil) (Leco) in the amount of about 1 g and placed in a metal tube for extraction (12 cm length and 10 mm diameter) between two layers of clean Leco Dry. The tube was placed in TFE2000 apparatus, and extraction of fat, using CO 2 in a supercritical state with a purity of 4.5 (99.995%), was performed. The temperature of the sample was 100
• C, CO 2 pressure was about 62 MPa, the flow rate was 2 L/min (calculated based on CO 2 after decompression), and the static and dynamic extraction times were 15 and 35 min., respectively. Extracted fat was collected in Eppendorf vials (MCMZ/PB-04 internal laboratory procedure).
The protein content was determined by Dumas method according to PN-EN ISO 16634-1:2008 (Truspec N analyzer, LECO All the analyses were performed in triplicate (triplicate reading per sample).
Fatty Acid Analysis of Eggs
Preparation of Fatty Acid Methyl Esters. After the extraction of fat (described above), the lipids were esterified according to the method described by de Man (1964) . An amount of 0.1 mL of extracted fat was placed in a glass test tube of 2 mL capacity, and 0.5 mL of 0.025 M solution of sodium methylate was added. The mixture was heated in a closed tube at 60
• C until the mixture was clear.
Gas-chromatographic Analysis
The analysis of fatty acids was carried out using a gas chromatograph Trace GC Ultra (Thermo Electron Corporation, USA) with a Supelcowax 10 column (dimensions 30 m × 0.25 mm × 0.25 mm) according to Domaga la et al. (2010) . Helium as a gaseous phase was applied with a flow rate of 5 mL/min. The feeder had the temperature of 220
• C. The temperature of the column was kept for 3 min at 60
• C, then increased at a rate of 7
• C/min up to 200 • C and held at this temperature for 20 min. The detector had the temperature of 250
• C and the split flow was 10 mL/min. Peak identification was possible with the aid of an external standard (FIM/FAME Supelco, Sigma-Aldrich).
The analyses of fatty acids were performed in triplicate.
Preparation of Mayonnaises
The composition of the mayonnaise was kept constant throughout the study. Each sample contained (w/w): 80% sunflower oil, 7.5% deionized water, 7.5% egg yolk, 3.5% acetic acid (10% solution), 0.5% sugar, and 1% NaCl (Guilmineau and Kulozik, 2006) . The sunflower oil (Bartek, ZT Kruszwica, Poland), 10% (w/v) acetic acid (WSP Spo lem Kielce, Poland), sugar (Cukier bia ly -Polski Cukier, Krakowska Spó lka Cukrowa, Poland), and salt (Sól Warzona Jodowana, Poland) were purchased from a local supermarket.
For the preparation of the pre-emulsion, the water phase was first prepared by mixing all of the ingredients, apart from the oil, in a 2 L plastic beaker. The oil was then carefully incorporated manually while mixing at 200 rpm (Zelmer, 481.4 Type). Great care was taken to minimize air incorporation during mixing. The soobtained pre-emulsion was then further emulsified by passing it once through a homogenizer (IKA-ULTRA TURRAX, Staufen, Germany), the homogenizer rotating at a constant 6,500 tr · min −1 . Mayonnaises (400 g) were prepared in triplicate. Mayonnaises were transferred to 500 mL glass beakers sealed with polypropylene film and stored at 4
• C (one day) before testing.
The Evaluation of Mayonnaise Quality
Mayonnaise Colour Assays. Mayonnaise samples were measured for color in the International Commission on Illumination -CIE L * , a * , b * system by reflectance method using Color i5 spectrometer (X-Rite, USA). The parameters were: measuring geometry diffuse d/8, standard illuminant D65, observer 10 o . Two different samples of each mayonnaise were measured and each sample was measured in triplicate.
Organoleptic Evaluation of Mayonnaises. Organoleptic analysis of mayonnaise was performed by a panel consisting of 15 experts with established sensory sensitivity and trained according to PN-ISO 8586-1:1996 . Analysis was conducted after one-day storage at temperature 4 ± 1
• C. Before the analysis, mayonnaises were put in 100 mL polystyrene cups containing 30 mL of sample (labeled randomly with numerical codes) and then the cups were placed in a laboratory room for three hours prior to serving to allow the mayonnaises to reach the desired temperature (22 ± 2
• C). The order of serving was completely randomized. Water was provided between samples to cleanse the palate. The organoleptic characteristics of appearance, color, odor, texture, taste, as well as overall acceptability were evaluated on a 9-point hedonic scale, 1 = the least, the lowest, 9 = the most, the highest (Liu et al., 2007) .
Rheological Properties of Mayonnaises. The analysis of rheological properties of mayonnaises was performed in triplicate, using a MARS II rheometer (Thermo-Haake, Germany), controlled with RheoWin programme v.3.61 (Thermo-Haake, Germany), with a cone and plate measuring geometry (diameter 60 mm, angle 1 o , sample volume 1 mL). The flow curves in the shear range of 1 to 300 s −1 were determined at the temperature of 20
• C. The experimental curves were described using Herschel-Bulkley's equation:
The mechanical spectra of the produced mayonnaise were determined at 20
• C in the linear viscoelastic region and the range of angular frequency 1 to 100 rad/s, at a constant strain of 0.03. The experimental curves were described using the power law equations (Steffe, 1996) :
Statistical Analysis
All data were analyzed with the Statistica 9.0 software. The one-way analysis of variance (ANOVA) was done for all recorded parameters to find out the differences between eggs (NE vs. OE vs. CE). The same model was used to compare the results obtained for mayonnaises. Probabilities of less than 0.05 were considered significant for all analyses. Levene's test was applied to test the homogeneity of the variances. Duncan's test was applied to determine statistical differences between the means. The results in the tables are presented as the means and standard deviation of the mean (SD).
RESULTS AND DISCUSSION
Chemical Composition of Eggs
The quality of eggs has been highlighted recently owing to the raised awareness of consumers (Matt et al., 2009) . There is evidence that the nutritive value of eggs as well as their physico-chemical properties depend on the combination of genetic and environmental factors, i.e., feeding system and sanitary conditions in hen house (Chmelničná and Solčianska, 2007; Biesiada-Drzazga and Janocha, 2009) .
The basic chemical composition of organic (OE), nutraceutical (NE), and conventional (CE) eggs are presented in Table 1 . The moisture content in the yolk and albumen differed significantly depending on the type of eggs. In the case of the yolk, moisture was the highest in conventional eggs. Nutraceutical eggs were characterized by the highest value of moisture in the albumen. The obtained results were similar to those reported by Dziadek et al. (2003) , taking into consideration egg albumen, but they were slightly lower in the case of the The values in the same columns denoted with different letters differ statistically significantly at P < 0.05. yolk. A higher value of moisture was connected with a lower nutritive value.
Eggs are the most valuable protein source in the diet, and their amino acid composition is well-balanced regarding the needs of the human body. Egg protein is characterized by a unique biological value and its true digestibility is the highest among the known protein foods (Lewko and Gornowicz, 2009) . Organic eggs were the richest in proteins (17.7 g/100 g in yolk and 13.0 g/100 g in albumen). However, these results are in opposition to those obtained by Matt et al. (2009) . On the other hand, Minelli et al. (2007) reported that organic eggs contained not only more protein but also more dry matter than conventional ones.
Yolk from OE eggs had also the highest amount of fat (27.6 g/100 g), but the differences between studied eggs were non-significant. A tendency to increase fat content in the yolk of organic eggs was observed also by Samman et al. (2009) . However, Matt et al. (2009) showed that conventional eggs were a better source of fat. Our results were slightly lower than those presented in the Nutrient Analysis of Eggs: Summary Report.
There were also no significant differences in ash content among the yolks of examined eggs. However, the albumen of the nutraceutical eggs contained significantly more (50%) ash than the others. Matt et al. (2009) obtained a higher value of this parameter in eggs from a conventional housing system. As far as the consumption of eggs by humans is concerned, chicken eggs are increasingly recognized as an important source of nutrients, including minerals.
Among minerals, the highest Na content was observed in the yolk of CE (72.0 mg/kg), and also in albumen of the organic ones (190.7 mg/kg) as presented in Table 2 . Moreover, OE had the highest amounts of K, both in yolk and albumen. A similar tendency was reported by Matt et al. (2009) , who evaluated the effect of different housing systems (conventional vs. organic) on the biochemical composition of eggs. The yolk of nutraceutical eggs was the most abundant in Ca (approx. 12% more than in the others). The results showed that the yolks of organic and conventional eggs did not differ, taking into consideration the content of this macronutrient. They were in line with the study of Küçükyilmaz et al. (2012) . Mg, an abundant mineral in the body, is naturally present in many foods, including eggs. It is a cofactor in more than 300 enzyme systems that regulate diverse biochemical reactions in the body, including protein synthesis, muscle and nerve functions, and blood pressure regulation. Taking the chicken nutrition into consideration, Mg also plays a central role, e.g., in eggshell formation, eventually thickening the shell and increasing the egg weight. The results indicated that the yolk of conventional eggs contained 20 to 40% more Mg than the yolk of NE as well as OE (Table 2 ). There is a considerable interest in the microminerals composition of poultry eggs from the perspective of human health. The level of Zn, Mn, and Cu in eggs (yolk or/and albumen) depended on their origin (Table 2) . Zn is a necessary element in poultry nutrition, particularly as a component of a number of metalloenzymes. These enzymes play an important role in the immune response of hens. Küçükyilmaz et al. (2012) showed that Zn contents of the edible egg portion were 41% and 30% lower in the organic eggs than in the conventional eggs, respectively. The results confirmed that OE albumens contained a significantly lower amount of this element. Moreover, organic eggs (both albumen and yolk) contained more Cu (0.02 mg/kg and 0.15 mg/kg respectively) than conventional ones (0.01 mg/kg and 0.13 mg/kg respectively). Opposite results were obtained by Giannenas et al. (2009) . Eggs are a rich source of not only high biological value protein but also iron. The yolk of hen eggs is traditionally the first source, after breastfeeding or feeding with infant formula, of this mineral in infant diets, being crucial for good health and development (Makrides et al. 2002) . The results showed that yolk of conventional eggs contained significantly more Fe (9.05 mg/kg) than the NE and OE (8.32 and 8.41 mg/kg respectively). A similar tendency was observed by Küçükyilmaz et al. (2012) . Furthermore, it was shown that the relative biological values of the iron present in egg yolk were 60% to 90%, and they were comparable to those of Fe in meat and cereal products, which supply most of dietary Fe. On the other hand, nearly all Fe in the yolk is bound to the phosphoprotein phosvitin. This bound Fe is not easily released, even by the high temperature treatment (Ishikawa et al., 2007) . Today, a strong interest in the functional food market is growing as a result of consumer demand in obtaining foods that contain some health-promoting components beyond the traditional nutrients. Dietary fats, especially n-3 and n-6 fatty acids, are of major interest (Cavella et al., 2009 ). Fatty acids are important nutrients of egg yolk, occurring in it mostly in the form of glycerides and phospholipids, and less frequently in free form, and chemically bound in molecules of other compounds. In the yolk of eggs, mono-and polyunsaturated fatty acids, very desired physiologically, are particularly abundant (Kazimierska et al., 2005) . The total fatty acid profile of yolks was presented in Table 3 . Oleic (39.15 to 46.73%), palmitic (22.57 to 27.24%), and linoleic (10.83 to 14.95%) acids were the major fatty acids, followed by stearic acid (5.23 to 6.37%). A similar tendency was observed by other authors (Cherian et al., 2002; Hidalgo et al., 2008) , but with different ratios of these acids. Hidalgo et al. (2008) reported a lower value of oleic acid (33 to 36%) but higher linoleic (17 to 20%), and Cherian et al. (2002) a higher level of oleic acid in cage eggs (42.6%). The results showed that yolk fatty acid composition was affected by the eggs' origin. The major effect was observed in saturated fatty acids, as well as oleic, palmitoleic, and linoleic acids. Generally, the lowest level (28.46%) of saturated fatty acids was found in nutraceutical eggs, and the highest in conventional ones (33.73%). Organic eggs are reported to have similar or higher levels of saturated fat as compared with eggs from other production systems (Cherian et al., 2002; Hidalgo et al., 2008) . According to Samman et al. (2009) , organic eggs have a small percentage of saturated fats, although statistically higher than conventional eggs do, mainly due to higher amounts of palmitic and stearic acids.
Conventional eggs were characterized by the lowest content of monounsaturated compounds (approx. 13% less then nutraceutical eggs) as well as the highest level of polyunsaturated fatty acids (Table 3) . Simultaneously, eggs of the same origin contained more miristoleic and palmitoelaidic acids than the nutraceutical or organic ones. NE were most abundant (a statistically significant difference in comparison with other egg origins) in oleic, palmitoleic, and margaroleic, as well as eicosenic acids. The highest amounts of clupanodonic (C22:5 n-3) and eikosapentaenic (C20:5 n-3) acids were observed in nutraceutical eggs. It was shown that adrenic (C22:4 n-6), arachidonic (C20:4 n-6), and γ-linoleic (C18:3 n-6) acids were present in the highest amounts in OE. The highest level of linoleic acid (38% more than NE) was found in conventional eggs (Table 3) . PUFA n-3, including Eicosapentaenoic acid (EPA) and Docosahexaenoic acid (DHA), are dietary fats with an array of health benefits. They are incorporated in many parts of the body including cell membranes and play a role in anti-inflammatory processes and in the viscosity of cell membranes. EPA and DHA are essential for proper fetal development and healthy aging. DHA is a key component of all cell membranes and is found in abundance in the brain and retina. EPA and DHA are also the precursors of several metabolites that are potent lipid mediators, considered by many investigators to be beneficial in the prevention or treatment of several diseases (Swanson et al., 2012) . As expected, n-3 fatty acids were most abundant in nutraceutical eggs (Table 3 ). The lowest values of these compounds were found in CE. The levels of n-3 fatty acids in eggs can be naturally high in some "free-range" eggs, and support the influence of hen diet on egg composition (from Samman et al. 2009 ). In the present study, organic eggs contained higher amounts of n-3 fatty acids than conventional ones. Nutraceutical eggs were characterized by the lowest share of n-6 fatty acids in comparison with the others (Table 3) . Several studies have found that fodder ingredients are a very important reason why the chemical composition of eggs may vary. Therefore, because the studied eggs, especially nutraceutical, are grounded in different feeding systems, it can be concluded that chemical composition of hen eggs might be affected by the housing system (Matt et al., 2009 ). However the feed intake as well as feed composition were not available for our study, because eggs were purchased from the market.
Mayonnaise Quality
The many uses of egg yolk products in the food industry are basically the result of their properties, including the manufacture and stabilization of emulsions (Jaekel et al., 2008) . Hen egg yolk is thus a key ingredient in salad dressings or mayonnaises.
Egg protein contributes to the texture and color of food products, and it is the ability of the eggs to bind ingredients in foods that prevents food products from losing their shape, crumbling, or falling apart. For instance, it is the xanthophylls (lutein and zeaxanthin) in egg yolk that give mayonnaises their yellow color. The color can differ depending on the hens diet (American Egg Board, 2013) . The values of color parameters (L * a * b * ) obtained for OE, NE, and CE mayonnaises were shown in Table 4 . It was observed that mayonnaise obtained on the basis of conventional eggs had a significantly lower value of the L * parameter than the product from NE. Taking into consideration the a * parameter, the differences were not statistically significant. The highest value of b * (the share of blue and yellow color) was measured for NE mayonnaise, and The values in the same columns denoted with different letters differ statistically significantly at P < 0.05. the lowest one for OE mayonnaise (P < 0.05). However, in the study of Minelli et al. (2007) , eggs as well as their components were lighter in the organic system. The consumers believe that darker yolk color is connected with a higher nutritive value and quality of eggs (Sobczak and Marek, 2012) . Liu and Xu (2007) also observed that the dark yellow color of the mayonnaise was more acceptable than the off white. Meanwhile Jones (2007) stated that even when the L * a * b values were statistically significant, their impact on the consumer can be minimal because of the limitations in human perception.
Flavor release from any food matrix is the first and most important step for its perception by human senses and, consequently, contributes to the consumer acceptance of the product (Kostyra and Bary lkoPikielna, 2007) . A number of factors affect the perception of flavor: they concern product properties, the nature and concentration of the volatile and non-volatile compounds, interactions in the flavour/food matrix, odorants-receptors interactions, and human behavior (Kostyra and Bary lko-Pikielna, 2007) .
Organoleptic analysis results showed the lack of significant differences in consistency, color, odor, taste, and overall acceptability of mayonnaises. Simultaneously the appearance of mayonnaises was significantly differentiated. Mayonnaise produced on the basis of NE obtained lower (P < 0.05) scores from panelists than OE and CE mayonnaises (Figure 1) .
It is to emphasize that quality is a concept that combines multiple options i.e., uniform foodstuffs color (Karastojanov and Kocevski, 2013) . Thus, the quality of a product is very difficult to maintain and describe. Fortunately, there are features that can be directly linked to the quality of food, and rheology is appropriate for such characteristics. Rheological properties give a clear picture of the characteristics of a product (Karastojanov and Kocevski, 2013) .
Mayonnaise is a semi-solid oil in water emulsion, consisting of closely packed foam of oil droplets (Depree and Savage, 2001 ). The properties, as well as the quality of the final products, are highly influenced by the rheological properties of the yolk-containing phase (Jaekel et al., 2008) . Therefore, knowledge of the rheological properties of yolk products is important for its commercial applications. The rheological behavior of egg yolk showed itself to be pseudo-plastic and dependent on temperature (Telis-Romero et al., 2006) .
As reported in the literature (Cavella et al., 2009 ), the mayonnaise exhibits viscoelastic behavior due to the network formed by the lipoproteins, which are absorbed around the oil droplets. Flow curves of mayonnaises prepared from conventional, organic, and nutraceutical yolks are presented in Figure 2 . All studied samples exhibit non-Newtonian, shear-thinning behavior with a tendency to yield stress. Non-Newtonian, rheologically nonstable flow of mayonnaises and dressings was previously described in the literature (Juszczak et al., 2003 , Stern et al., 2006 ,Štern et al., 2007 , Hernández et al., 2008 , Laca et al., 2010 . The highest values of shear stress in the given range of shear rates were obtained for mayonnaise on the basis of nutraceutical eggs. It was affirmed by the values of Herschel-Bulkley equation parameters (Table 5) , which described experimental curves. All the studied mayonnaises differed significantly in terms of yield stress magnitude (with the highest value for NE mayonnaise, and the lowest one for CE mayonnaise). Higher values of yield stress in samples on the basis of nutraceutical as well as organic eggs indicate a higher ability to store energy in the initial phase of sheering. The yield stress is a very important parameter that characterizes sauces of emulsifying character (Štern et al., 2006) . The values of yield stress depend on many factors, including oil phase concentration (Juszczak et al., 2003 (Juszczak et al., ,Štern et al. 2007 ). The presence of yield stress as well as its value has also got an influence on the organoleptic acceptance of products and correlates linearly with the analyzed organoleptic texture (Štern et al., 2007) . According to Dolz et al. (2007) , Hernández et al. (2008) and Ma et al. (2013) , despite the amount of oil phase, the values of yield stress -especially for low-fat-type sauces -are determined by the presence of emulsifiers as well as stabilizers. The samples of mayonnaise on the basis of nutraceutical as well as conventional eggs were characterized by similar values of consistency coefficients and flow behavior index (Table 5) . A slightly higher value of consistency coefficient and lower value of flow behavior index were observed in the CE mayonnaise. Simultaneously, this product showed the lowest yield stress value. Mechanical spectra of studied mayonnaises were shown in Figure 3a , and parameters of power equations were presented in Table 5 . In the used range of angular frequency, elastic properties dominated over viscous ones (G > G ), however values of both moduli were dependent on angular velocity. Different values of storage modulus (G ) and loss modulus (G ) are due to the different composition of egg yolk and therefore to its proportion of proteins, being responsible for coagulation kinetics (Kiosseoglou, 2003; Cordobés et al., 2004) . Laca et al. (2007) showed that the proportion of lipids is greater in yolks coming from hens fed traditionally than in those from ecologically fed hens, so its proportion of proteins is smaller. Our study confirmed the highest content of protein in yolk of organic egg. Simultaneously, we did not find statistical differences between fat concentrations in studied egg yolks. Loss modulus (G ) was similar for all studied mayonnaises. It was confirmed by the lack of significant differences in the values of constant K and constant n parameters, as shown in Table 5 . Meanwhile, in the case of storage modulus, representing elastic properties, some differences were observed. The highest values were obtained for mayonnaise based on nutraceutical eggs, the lowest for the product containing CE eggs. It was confirmed by the values of constant K parameter (Table 5) . These results correlated well with the values of yield stress. The highest value of this parameter was found in NE mayonnaise, with the highest share of elastic properties. This indicates the highest ability of this sample to store energy upon the application of strain. The dependence of tan δ (G /G ) value from angular frequency is shown in Figure 3b . The moduli dependence from angular frequency as well as the values of tan δ (1 > tan δ > 0.1) showed that the studied mayonnaises have exhibited the characteristics of weak gels. This behavior of mayonnaise-like type of emulsion was previously described in the literature (Laca et al., 2010) . Mayonnaise rheology and texture can depend on the distribution of the oil, the interaction between oil droplets, and the egg yolk emulsifier. The alteration of the mayonnaise microstructure leads to different rheological characteristics. This means that the rheology is sensitive to any change in the microstructure of materials (Stokes and Telford, 2004) . The emulsion structure affects, in turn, the organoleptic properties characteristic of mayonnaise, such as flavor, mouthfeel, and texture (Batista et al., 2006; Cavella et al., 2009 ).
In the current context of growing consumer demand for foodstuffs which are healthy and safe, and which are obtained in a manner respectful to the welfare of animals, the analysis of different kinds of eggs towards their quality and technological properties becomes of particular importance (Mesias et al., 2011) .
CONCLUSION
Our study showed that differences in the chemical composition between the eggs of organic, nutraceutical, and conventionally reared hens were significant. The yolk of organic eggs contained the highest protein, K and Cu levels. Meanwhile, the yolk of conventional eggs was the most abundant in Mg and Fe, and nutraceutical one -Ca as well as Mn. Differences were found also in the content of protein and ash in albumen. Albumen of organic eggs contained the highest level of protein, whereas nutraceutical eggs were the most abundant in ash, K, Zn, and Mn. It was shown that -from the nutritional point of view -organic and nutraceutical eggs were characterized by more beneficial chemical composition than conventional ones. Simultaneously, yolks of nutraceutical eggs were characterized by the highest amount of monounsaturated fatty acids and n-3 fatty acids, as well as the lowest level of saturated fatty acids.
Regarding the technological (emulsifying) properties of eggs, there were no significant differences between the organic, nutraceutical, and conventional eggs, however the mayonnaises prepared on the basis of nutraceutical eggs were characterized by a preferable (for panelists) color. The highest value of storage modulus, representing elastic properties, was obtained for the nutraceutical mayonnaise. This product showed a better stability, which is particularly important for the producer (during product transport), and also for the consumer (during dish preparation). The egg quality criteria, and the products obtained on their basis include such diverse and important aspects as safety, nutritional, organoleptic and technological properties, all of which must be controlled from farm to fork (Nys, 2009 ).
